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1 . INT ROI )U CT ION

R a d a r  s i g n a l s  may be sca t te red  from p a r t i c u l a t e  c louds  (e .g . d u s t ,

w a t e r  d rople ts , ae ro sols , f ree e l ec t roms)  th rough  two processes. The

first process is the incoherent addition of power from each individua l

particle . We call this incoherent scattering . If the particulate cloud

is nonuniform in density , then sennicoherent scattering may r e s u l t  from

the irregularities . In some environments , specifically irs  free electron

plasma s , semicoherern t scattering from irregularities in the electron

plasma may he io
6 

to 10
10 

times more intense than the incohe rent

scat te ring .

Scattering measurements in high-explosive-produced dust clouds , the

sub ject of principa l concern here , have always beers interpreted as though 0 -

the scattering were due only to the incoherent process . The question of

whethe r coherent scattering effects can contribute to the measured radar

O returns has been ra i sed . To shed some l i gh t  on t h i s  p o s s i b i l i t y , we

present in this document ana lytical formalisms that allow us to relate the

c o m p a r a t i v e  i n t e n s i t y  of the two s c a t t e r i n g  phe nomenon to the  p a r t i c u l a t e

environmental properties of explosive—produced d u s t  c l o u d s .  l i n a l ly , we

ma ke quantitative estimates of the contributions of t he two  p rocesses to

- 
- determine whether radar backsca tter data interpretation should consider

the coherent scattering process. Since the  two scattering processes have

v e ry  di ffer’ent f reqiuenc~ dependenc ies , it was  a iso I Isoug ht tha t the analysis

m i g h t  prr i v ide i n s i g ht . -into a n o t h e r  technique that could be use [Ui iii

d i a g n o s i n g  d u st c lou d p rope r t ies . A s we shall show , f o r  likely models of

d u s t  C lonids , coherent bnckscattering ( r a d a r  merle ) is probab ly not s i g n  i Ii —

c a l l  t . I i i  iS I lie ii 111(1 c at  (‘S t ha u t hr’ fm’eq mrenc ~ dependence ol m m it I freq mncni cv

rada r’ t ) n c k s C a u t . . ’ I ’  u s i a  i s  d ji’ rcl Is- re’~ aIahl (’ so p~~’1 i d e  &~~~ / I ’  ( i i ’ ~ t t ’ i 1 ) m n t i u I ,

• I n  S e t  ion 2 1)1 si n is r”’ , u~ i j ’ I  , \S~~ I)i’C - eii t , h u t  dl)  not  ~ huv , l ilt ’

d’•i’ j r ,  i j - ,;~ ol  , t hi ’ ‘Ii a , 0,1 , I h:u m cI~ ~ u i i  be I hi’ 1 i 11(1 S of ~— C~ i l i i i ’  I Ig

pros ‘ ‘ ‘ . -~~~ ‘ , i’~’i !i! ’( ~~, ,Il  ) IT i)d ~~ I u! the “ t r i r b m u ~~i ’r i t. ’ 1 c l . ’c t r l ( ’  I i t.c u W I  1 . 1 0 5

I 1 I I I I I I I I  ii I i, I SIS I u  I. I I )  i~~ I i  I S \ I ,,, j I I  I I I  1 ( 111 ( .55 I 1

‘ I~RC*I~Ii~G Pi~I kLAI~~

~ 0
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dust—lade n and clean air . Section 3 presents dust particle size density

distribution data obtained from aircraft flights through the “Middle Gust—

Mixed Company ” test (lust cloud . From this data , we developed a size

distribut ion mode l for tnse in our comparisons.

In Section 1 , we use the it’forma t ion in Sections 2 and 3 for

quantitative comparisons . We consider both our “Middle Gust—Mixed Company ”

dust mode l and unlikely pa rticle size distributions that favor coherent

scattering . Section 4 also summarizes our scattering equations . Section —

5 presents our conclusions.
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I n  t h i s  e q m r a t i o n , ,, rs i s  the  v a r i a n c e  in f l u c t u a t i o n s  in  p a r t i c l e  n u m b e r

de n s i t y .  The i n t e g ra l , i n  essence , sums the s c a t t e r i n g  a m p l i t u d e s  of t u e

i n d i v i d ua l  p a r t i c l e s . The scattering amplitude is taken as the square

roo t o f t h e  pa r t i c l e  c ross s e c t i o n . The q u a n t i ty  is the  i n — s i t u  t h r e e —

d i m e n s i o n a l  s p a t i a l  f i’eqmr ency power s p e c t r u m  of d m n s t  d e n s i ty  f l u c t u . ,t i on s .

I n  Eq .  (7)  , we ass nin e t ha t t lie ra cia r beam t r a v e l s  a lonU ,  t lie x ax i s . ‘I’he

powe r s p e c t r u m  is e v a l u a t e d  a t  k = k 0. The x v a l u e  is shown as

2 k ‘ce’here k = ~~
— . This  post-er spec t rum is d e f i n e d  as the  F ou r i ~~ r t r a n s —

form of the  three — d i m e n s i o n a l s p a t i a l  c o r r e l a t i o n  f un c t  ion fo r  d e n s i t y

f l u c t u a t i o n s , ‘t h i s  c o r r e l a t i o n  f u n c t i o n  is n o r m a l i z e d  to have  a v a l u e  of

1.0 a t  0 spa c i n g  and a value  m l  0 at very l a r g e  spacing. We note t h a t  in

the  l1a vl e ig h  region t h e  q m r a n t i t y  ~~ (a  ,~~ ) is proportional to a’1 , so the

i n t e g r a l in Eq. ( 7 )  is p r o p o r t i o n a l  to mass  d en i s i t v  as  g i v e n  by Eq .  ( 2 ) .

Our d i scuss ion  is r e a l ly  concerned w i t h  t he  r a t i o  of coheren t  sca t t  s’

to incoheren t  s c a t t e r . ‘L’h i s  m’ a t io  is g iven  by :

— 
I n  ; L~L \ _~~__ ( 5 _ )  ~ ( 2 k  ,O 0). (~~)— “

~~~~~~~ 
t -

~ ’-o I —:‘ 
— - 

~~ N ‘

- 1  — ‘5 d ’  6
n a

We have w r i t te n  th e  r a t i o  in s t h is  m a n n e r to e m p h a s i z e  q u a n t i t i e s  i - j t h c i’

- - t h a t  our i n t ui t i o n  can r e l a t e  to or t h a t  a re  measured  in  f i e l d

2 / — ”ex p e r i m e n t s . ‘l’he f i r st q u a n t i t y , t n s  / ni is the  squa re of the  F r a c t i o n a l

d e n s i ty  f l u c t u a t i o n s. T h i s  q u a n t i ty  is somet imes  re f e r r e d  to as  t h e

squa re of t h e  c on ( le nsa t i o n  r a t i o , or s imp ly  as  t h e  c on sd e n s a t  ion  r a t  io.

The q u a n t i t y nn is the  ex p e c t a t i o n  m a s s  d e n s i ty  in s ~~ cm ’1. ‘l he q u a n ti t i e s

3 a n d 6 a re  t he  a p p r o p r i a t e  momen t s  of t h e  p a r t i c l e  s i ze  d i s t r i b u t i o n .

* The r a t i o  a ’1 / h t i ~ t ’d hero ignores  the t r a n si t i o n  f r o m  the  R a y l e i g h

s c a t t e r i n g  c’ moss i - c O t  Ion t o  g e o m e t r ic . In s our  num e r i c  r e s u l t s

presented in ~~t ’c’ t I on  1, we t i s  t he  two—region description.

9



To evaluate the importance of coherent scattering phenonnena relative

to that of incoherent backscattering , we will have to estimate the various

quantities in Eq. (8). To the best of our knowledge , there have beem no

measurements of the condensation ratio . I)uring the early stages of high—

explosive—produced dust clouds , dust—laden air probably encircles clears air ,

in which case the condensation ratio will have a large value , perhaps

approaching 1.0. AS time progresses , the dust diffuses and turbulent mixing

enhance s this diffusion , so we assume that the condensation ratio decreases

to significantly smaller values . This ratio ought to be largest near the

edges of dust clouds , where dust—laden vortex rings mix with cleans air. 
S

The quantity ins , the average dust density in the dust cloud , was

measured in field experiments and found to have values as high as severa l
—3 3 —8 3

times 10 ‘1cm’ to values below 10 g/cm’ . We shall investiga te this

below .
I

For our work here , we shall assume tha t = 2 g/cm
3 

(125 lbs/ft
3
).

The ratio of the third moment to the sixth moment of the dust—particle
- 

- 
size distribution is discussed in Section 3. Data that permit us to

accurately estimate this ratio are extremely sketchy .

Our concerns is with dus t  mixing in an isotropic , turbulent medium .

U n u . e r  these circumstances , it is traditiona l to assume that the power

spectrum , 
~~~ 

is given by the Kolmogorov spectrum . It is also traditiona l

to assume tha t the relevant part of that spectrum is the inertial subrange

in which the spectrum varies as givers in Eq. (9).

~ (k)
Uf’3 (9)

The form we will actually use is givers in Eq. (10):

—. — 
(2p — 3) r’ (p) 1

L3
(k) - 

/~ r ( p  - ~~~ ) (1 + b~~~ )~ (10)

10
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3 . C l R l i t ’l-  (S I- ’ -I I ) I ~~ ’t MesI ) l -1 ,

.1 n in i s i l t ’  I ts t ’ I lie’ t h i s  I —~sat u’t  i i ’ I t ’  s i  s’ t’ i t  1 st  r I ha I hin t , P t  , c ) , ru t ’t’i ls n Itt’

c l i ’ ‘ c i  I t spt ’t i I t s  en I t ’i i  in  It’ t hi’ ‘c - s i r  I t i l l s  n ni o n nr t ’n t  I s tlst ’tI i i i  (lit’ scsi (Ii ’ t ’ t  ri g I ltt ’ui i ’ s

l i i , ’ unios t e t inn ip  I t ’)  t ’ thi t a t I i t r u  I itt’ m us i C b a n ‘c c ’  a vu ((tiLt Ic c i t  siie ’n sti nt’rn t t’Is 1 s-c of

p:t n i i t ’ It ’ sI.’,’ t1l ~ I n I  b in I lu sts si ne’ i n s Iii’ It ’ no lIeu’ 1 , t h u - c  I t l i ’nss i t ’ s ’  it it ul psi r I  i t I e

s ‘ i ’ t I  1 t i’ ( t i t i t  lo in s  w t ’  no isrt ’ i i  st i i ’ t ’d liv I i ’s’ 1 r i g  al i t  a I r ’p In  i s , - lit n’oimglr ‘c’au r Ions

~i si r I  s ot  ( lie’ c b u t t  i-Se’c ’t ’ r ’ ss 1 1 h ir es i i i  I low I nt g s i a n  t a u t ’ , ’ ii i g i r  c ’  xp ltss ( ‘ c t ’  cli ’ I ( i i i 5 i  —

t on s , b- I t t t ’ s ’ s  w o n ’  it t- i t ’d In ct t b ( cc l p a r t  i t ’ h i ’ , - , ant e !  s t i i c r ’ csi- ’c ’ c s l i i t ’ o x u t u i i l n i a t  t u t u

a ni t !  psi i ’t  Ic i t ’  c o i n r u  t i i i ; :  i l l ’  I t ’  i i s i ’t I  I t s  tI c I t ’ i’m I no s i ~‘ t ’  c l i i ’ ) m l  I ’ m ) ( t i n s , l i re ’

i ’\ pt ’ u’ j i i c i ’t u (  t i t  Ii , ’)  , I ‘cmii ’ ‘ c i ’ n ’ ’, i l i t ’ t F  I t ,’ b t ’ u i t  a n t  Oti l h i t  I n s; : ps i r t  i t ’I i ’ s - c  ‘ c i i  t l r

r s n d  I I Li t ’  lcs i i  10 in t o  i o n . ‘[Itt ’ siss u It’ u pal n’ I be Ii’s a m~t~ n i l t i r ’ i ’ , ‘ I f  I c’ i , ’ t r  I , s t

p u ’ o t l t n t ’ l u n g  colt e ’  n ’ t ’ u r  I ‘-ci i I I t i ’  i i i ; :  t h u n t  su re I It t ’  I a  n ’gt ’ r pai r’ )  i t ’ h’s . \o o m i t ’  kmr t s ’ c ’ c  s

‘ci lmu t t In t ’  p s u r t  ic  It .’ n i i i i i i h t ’ i ’  c i i ’ i s s t  I v  i s  s i t  t l n c s s , ’ S i l i d i  t I e r’ i - I ,’ t’i- ’ , h i ’  I In i ’ m ’ e ’ F ort’

a s si a n i s ’  I In su  I lu a u ’  n ; m t s c l t ’  I ‘cv i  1 1 m n n t d n ’ i ’ t ’ s I in c a  It ’ S e t n i i i ’ ’ cv ln i i  t I ii, ’ t ’ c s r t t  r’I h i n t  i c ’ i s  , s l  I lii ’

colic ’ nc ’i t  I t eds t t ,‘ n ’ i  n ig  pn’tR’t ’ssi’s .

Fit, ’ lS i’f • 1 ps’oseusls pst l’ l It ’1, ’ s I , ’ i ’ c i a u t a  Ins t w o  F t ; ’, i i n ’ , ’i - .- u i i i i  a n t  t t i t ’ t u’

I t ’x I , ( t i r t ’  [ c l i  le  1 s i t  I c i t i p t  ii I n  sin n i nn i r s t  r ’I  ,‘ t ’  t illu ’ I ntl t ’  u ’ p r ’ o 1.u t t o n i  O f  ( l ie ’  i i ’

rt ’ s t i l  i s , l i s t ’  sr r t  h i t ’  is nr t s t as c It ’si r c i t i  Si’i’ t ’ u ’s t I pti m u )  s c i -  ‘cci’ n c , ’ , ’ cI  , l i r e

,‘~~pt ’u ’ 1n i ut ’ ns t  t h u  m t -c t  s s i s i r p l t ’  m a i n l y  s s i  t ’ i m o n ’ n i , ’  ~sa n ’I I c ’  I t ’s  iv i t  I n (I i a n i s t ’ t t ’ r s  i- i g n i  i f  i —

c ’sr m l  I v  u ’ t ’a t en’ I h u n t  I ~‘1h) ni l to m ’onts . l i i i ’ ri ’ t o r t ’  , t i t a n ’  m u s c i i ’  I i i i ; :  a l t  1 s t  u ’ge ’ I’

s i t’S I Insui t t )r is Is sirs t ’\ pt ’ c l li ’ nt t I liii t ‘cs-c’ nust ’ I t s  t t s n c ’, ’ n t n t s m u ’ n t t  I t n t  t ’ ; :  m s i  I s

is t ’o i lV i ’t ’ gi ’ - I ur fauc I • I i t t ’  I s u  t ’ s5 t ’s I p a r t  i t ’ Ii’ c i li l ii I t ied  s i s i s  f o u n d  t n t  a

t ’ si I I c i i i )  O t t  I I i ’t ’ I i cs rr l i l a )  t ’  s tun t ’  :s00()  f t  F n’ t s n i m  g i’o i i n t t i  ~‘ t ’  no . lii is isa r’I It ’ It’

m u d  .1 c i i  sun t i i ’ I i ’u’ c c i  70~~() li i  I t ’ n’ c s n i S  ( 7  inn ) .

• t he c i a  ( S t  I t S  Fs t h  i i ’ I a ’, I ‘c- i~ powi’s’ l aw  cot ’ f l i t ’ I t ’ u t  1 5 I c i i ’  I W O  liii I ’) I t ’ i t ’

u ’ , i’e; ’, l o u t s  i I i ’s  i ; ’ , u s s t  I i ’t I  “ snin a l I s i . ”’ ’ si i i i  “ I t  n ’ g , ’ s i , ’ ,’ , “ l i i i ’  snnna s 1 I i - s i  .‘i’s

.~, s ; - m p l t ’ci iet ’n .t’ I s  rgi u’ t i t u u n t I t )  i t n t e r ’ o n r s  
• I I t t uu ig tt I i i , ’ t i a t  t a c c l  i i s s l l v  pi ’i ’si ’ m r :  t ’ c i

I , II , I t . (. i ’ t ’ i ’ i t a u t t i  I’ . Mt’Mi u n’ n ’ ’ c • 
‘‘\l Ichil Ii ’ (;ursl —~cl x , c i  (‘csnn i ;tal ni ’s- OLtS 1

‘l i . i  i’sic ’ I ,~ m l  , s r  I I & s n t  , ‘‘ ~i l i ’ t i ’ t i n ’ t s  l t s g v  l~esi ’n i’ c ’ it I n t t ’ . I ’iup t ’ i ’  t ’c s u i t  s u l  nei l  I i i
\I 5 ‘~t ’ t t  ( ‘ c t n l i p 5 l i r \ ‘Mi tlilI ,’ ( l i s t  ) i t ’ s t i l  I s  umu t ’i’ t I rtg , 1 3 — I s ’  i ls s  m ’ t ’ l s  I iU’3
V ’ ’ I . 1 • h I N ~~— , ; l , ~ l I’! , PP .  l , ’ l — - I s U , ’  ( I ’ N ( ’IA~~~l t- ’IEl t ) .
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Eqenatj0~ 16 presents the incoherent volume_specific scattering crosssect iouT for our two-region particle scattering model , The expression ais the t rans it ion radius between Rayle igh and geometr ic sca t te ring

a 
4r p(a)a

6
da + ~—2u__~_ J ’  2- 

6’2 ‘c~~ 0 4(2~ )~ a
t

P )a da
= ‘ —~~~ (16)‘ ii~ ~,

4 

J’ P ( a ) a 3
da

If all particles were of the same size (unlike ly) and in the Rayleighregion then the incoherent cross_SectIon could be found by:

~ 6(2,~)~ 3= — —~~‘— ~~ a . (17)

Equa t ion 18 presents the volume_specific rada r cross section forcoherent scatter ing from a turbulent dust clou d using our model of theturbulent spectrum and the two—region scattering model,

- 

- 

2

,r p ( a ) a 3da + .1 p(a)a da2 - o a
• . 2 

— _,_ t 
-‘— — (18)c 2 2 b 8

S p (a)a3da

4 Equation 19 represents coherent scattering when all particles areIn the Rayleigh region. Note that under this condition the coherent crosssection depends only on the density of dust in the air . Particle sizedoes not matter . Our model for 
~3
(k) leads to a result that Is freqUency_independent

- 1 ~

~~~~ ,,, ? 
1 9

(19)
• n

24

- - - 
- - _ ,. ,,_ 

-- , _,

~~~~~~~~~~~~~~

A 

- - - — - -

~~~~~~~~~

-, 
~~— c A .  ~~~~~~ -



• us , UN(’I.U~-~ I(S Ni-

i S i ’ s - c i  it s-c a I’ 01)1’ e’ uI I cu t a t  I t i l t s -  I t a  ve~ lsc ’t ’ u s u s - i’ d l i t  e’t iuulpn me ’ I lie’ l u s t  ~‘t t s -  I t  v

a I colit ’ u’ u ’ui l  ~_ t ~s m I t  i ’d us g t’ u’ otus de l i s -  iI~’ l’Ii ue’t ciii I I t i u i s  i i i  dus - ’ t t ’ I cs i i t l s -  sc-i i in l i s t ’

I ut t i ’ m t u - c It v i i i ’  I t st ’t it st ’i ’t ’ i t (  sdst  I i t ’ I’! n n g  • ‘F ine ’ t ’s i l e ’ t n  1 s t  I l o u t s  sc-c n . e m u n c h ’  i n s - I  nsg su

mi t t ic l t ’ 1 t i l ’ ( i t t ’  s-pt ’t ’I n ’ i un m r t i l ’ t l i ’ i i s - l t v  I ’ i s u c ’t  c m i  l ou i s  I h a t  Is e’ti u ts - ls - (c ’ utt isi t It I Isui l

,‘ Xp i ’ t ’  I ~~c i  i I ’ tin tl I t i ’l i i i  I e ’ii I rut h s-. t uig I lsc’t’Ss’v . ‘l ist ’  pt ’ t mI t ’ I pic 1 i.e ’s - ill I s-c t i f  t i n t ’

-cl t ui l ~’ ut u’ t ’ ’,

( I f t t’  It t ’t t t ’t ’ i’~~I st ’ s t t  ~~~~~~ ~~ ~ ~‘~is- s- s- c -c - i  I t s i t  Pet’ n i t  I t  ~‘ t i )  un it’

c li’ p t ’ i t t l s -  t u p t u t u  I it o t l t ’  1s t  I Is al (it.’ list)’ I I t ’ I i ’  s- I .‘i’ dl s tu’ t u n  I i diii I -

( “ )  ‘ l i i i ’ c ’ c l s t ’n ’ c ’ i u t  u - c a t  t c ’ n ’ f ui ~ d ’n’osS s - e ’t ’ t  Ion t I~~ ’s-c t r u s t  • Ic ’i~ ’t ) . I

til l I l it ’ put t~ t It ’ I t ’  s - I , ’ , ’ t I  I s - i  i’ lIs si l lots I I’ I i t t ’  1st m ’ge ’s-c I l ist  m l  It ’ I t ’s--

st i’t’ ‘- cmurut Ii .‘u tt ii ug it I a 1st ’ i t s  I hi ’ iSst \ ’  i i ’  I gis  meg I ci us

m s  i’he ’ t ’ci i it ’ u ’ ’ m u l  st’t t  I It’)’ I l tg  c n t i S — c , s-c ’s ’ I t o u i  c l t ’j i t ’i s t l s  s its  I i t t ’

s t i u u .~ u ’ t ’  c i i  ( i t t ’  a I t ’  — 1 s t i l t - t i  t h us - I ck ’ t i s -  It s- I tsc ’ci ise ’ m o i s t

scs i  I ( e m  I t t g  t h e ’ p c ’u s t l s -  I I nt e~su u ’ I  V s u i t  ( l i i  s- d e n t s -  I l y

I S I c i i ’  :1 i’e ’as , s u n s i l i i c ’ • ‘ i n , i l t ’ .’ • s f  t i n s - i — p s t i ’I  I c  I t ’  s - I  u t ’  c i l o t  u ’ t i u i t  l o u t ,

a l t ’ — l a t l c ’u s  t h us t d e n t s -  I t  I t ’s  ( s I p I i n ’ s ’pI’I  s i t e ’  i t s  i s s i c ’  t’  t i tm . ’ s l i m s - I

c ’ I t i u i d s  S • s t t i  s l t ’t ’I ’ I i t s t i u l c ’  m m m t i c l t ’ I  a l I u i t ’ I i u u l e t s l  s - - I  t ’ iuc ’I  t i n - I -  
• 

t u rd

5 
s i t S  t s v u ’ u ’ — u ’ s - l I m i t sl  I t ’  a l  l ist ’ c h r i s t  c i i ’ u s s  i t ’ ,  c ’ t s t t c h . ’ u t s - s c l  t s ’i t  u - sc I u s ’ ’
t ’ t i hs i ’ d t ’ us  I st ’a I I t ’  u - I  t ig  I s--c west kt ’  u’ I h it  mu I n tt ’, i l t e s  u i - m n  I s .c ’ s  I I t - t n  I i ~~

t ’  \t ’c ’p I  s i t  I l i t ’  ‘ c t~ n’ ’c I t i w i ’ s- i l  i’ ; c c i s u  m I ’ t ’ c ’ t h i u u ’ I s t ’ i c ’ s - , ,

l i s t ’  s t l i i u v t ’  e’t i l t t ’ lu s  I c i t r s - i  s u r e ’  h u t s -vu t~t u t in ’ s u s - s u i u m t p l  h i n t  I l u s I l  ~I n s - l  l ist u t  ~ s ’ i t - u -

t’ ~ utt ’ I I i -  i t t  I low s u l r  pa v i  I t ’ I c ’ s - . I us ot ’  I iii ’ i ie isv it ’  u - s b u s - I  ~~it m l  n t - i  i ’s ’ t i c ’ s t i s , s i

s t i ’ f i ’ t ’ t e t h  I s v  g i’a\ - I i ’ , - , l iii ’s-’ i t t  1) u s t i t  i ’ \ s t c ’ t  Iv I c i i  i uisi a i m -  u m s u s t  f c ’ m m  r t i s c l  , , s s  it~ 
i I

t i o t  mus t mms~ t ’ s -ui ma Ii —s t~ ;t to  a I i ’  I u u r h i i u l e u s t ’e’ I h i n c ’ t ( l u l l (c u b s - - ‘l It,’ t’ , - s , u u l  I I s  a

l’ i u m t  Itt ’i’ m e ’t lu e ’ I ( t i n  of c shi t ’l ’i ’m rl s-c ’st l It’ 1,1 mr ~ t’ui itu h ist u’.’th it t I l t  dus t S ’ i’~ ’t ’~i t ’ I  10151-’

II ’ ant ’ pt ss  (~ t l i i  I t ’ s  numt plsv s--c ui _ i l I uhuis I - pa u’t  Ic I i ’  s- -
. c ’ ci  Is. It ’ l lstn t t s u i t s —  t i t s t-

t ’  \tltut (Jl( ’ , I hit I st 1 1 pmi m ’I lt’lc’s - a mc’ lie 1 tiii’ 10 t i t l e ’ t’ di tc s, III i ll t l l i l ’  l i - u ’  ‘I ~t tsil I t I  1 0 1 ’

a Ii’ — tnluhc’ts ti ll s - I ilens I I s - - (g i’t ’a I t ’  t ’ I l s m t u t  - 1 ( 1  g ours S , ( ho t s  cc s t t e ’  l’ e ’ t I  I

5)

-- —
~~~~~—----—— ‘------ --  - —-- — ——-- - - I lL 

~~
- - -

~~~~~~~~~~~~~~~ 



T~~~~~’ - - -
~ 

, i - T , - ~~~~—~~~~~~ 
— 

~~

1 -
5t ’ll t t e’ m l  mtg cu l l s  he’ g men to  u’ ( isa it incolse n’e’ mi t  s-ous t t e ’r l  t ig itt I Itt ’ l owe’ m’ v i u t l a  n’

t’ i’eqtlt’mtc los . i it ii se’uisc’ t It Is is t’xiuc liv I lie’ s - il ti l t  I I t i l t  t o m  0 b c  I mo n t s

s-Os t I t ’  ml rug ins t un ’bul t ’n l  u’ei’ist ms- wa ke’ s- it miii t o n ’  s-cut It i’m ’ I rug t h a t  t ’a I t  Itt’

oii t us  t t ’c~ tt (‘ moist hot Li tsil ‘t ’ tt t t  (at ’ c lt’v is uid iito l 51 1 i ~u i ’t t u i t ’ u t t  iii l x i  t i g  a i m ’ . I nt

t hs~ st’ ci i’cuuntst fluice’s- , t he,’ pa t ’t Ic it’s a me e’ lt ’e ’ t s’ouss is nil mu m 1 t ’O tn l t ’ s- ,

- 

i me’ spec t lvi’ 1 • a us d t lie’ s-ca I t t ’ s’ I rug t’it ii be s-t tud it ’d i t s -  u n  x l t n  me’s c i i  i m is t Ii- I t l un  1

put t’ t i (‘li ’s- , wis loIs is- how sit ’ st tici iou du s t  . lloii’ e’ vt’ u ’ , we’ c eust aims i’ll s- it a mcci  i t ’

t It t ’s- i ’  iii t t o  u’ e’isv i rousuute’ mit s In s t o  u ’ u m u s  at ’ the ’  I m  ngg  rt ’g- it It ’ pi’ope’ m ’I i t ’ s- t x p u i ’  s- s-ot t

l i i  I t ’  t ’liiS C) I- t ho u ti c ’ th I cit tn ‘s t I lt ’ loo t  n’ It ’ ( ‘onus In  n i t  . I’
(Stir  mttos t lu imp o r t i t us t t’ i n t t l  I nt g , t i so imgli  , is- t It a I l i s t  t ’ u’ pl’e’ t a t  I au ii ~‘mcii  t I U req at’ mic~’ u ’ada u’ s-c a t  I t ’s ’  I rug nu u e ’ul su5’ot iut ’ u t  s I us t i t u s - i  c i  c i imd s csl s  ( i i i i t t ’ m l

e m s - I  rug s-c it lt ’t I he ’amutw I c I t  I t s  doe’s m in t  u’ t’qir  I t’e’ t’ti m s s - I tie’ i ’ mi  I I ti m at ’ st ’nnu Ic  ~ iie n.e mu I

s cut  ( t ’n ’ t u s g  I t ’oini t tu i ’bule ’ms t t u l l x i n t g  at ’ e’lt ’ u t n t  and  t i l i ’ i ’c’ it I t ’  • e’ s-pt ’c’I u s  l i v  l a m

i’ii cia t ’ t rt ’q Ut’ h O  i t ’s -  g mom s t e n ’  t Isa ii 10(10 MII z .

td 

--~~~~~~ ~
-
~~~~~

—-‘----
~
—-—‘

~~~~~ - -~ - -- -- --—- 
~~~~~~~~~~~~~~~~~~~~~ 

- 
~~~~ .



- - - __
a

‘t

DISTRIBUTION LIST

DEP AR T~~~J L P ~~
EII

~~ 
DEPAP~TMENIT OF THE A

Assistant SecretarY of Defense 
Bf’ID AdvasucE ’d TechnOlonY Center

Comtim . Cnmd , Cont , & inte ll . 
Huntsv il le Office

ATT N: M. Epstein 
Department of the Army

ATTN: J, BabcoCk 
ATTN : ATC-R . 0. RusS
ATT N: ATC-T , N. Capps

- I Assistant to the Secretary of Defense 
ATTNs ATC-O . W, Dav ies

- - - Atomic Energy
Department of the ArmyATTN: Executiv e Assis tant 
Harry Diamond Laboratories

Conimiand & Control Technical Center ATT N: DELHD-N-T 1 , M. We iner

Department of Defense 
ATTN: DELHD-N-NP, F. Wimen it ?

ATTN: C— 3 12 , R, Mason U.S. Army Foreign Science & Tech, 
Ctr .

De fense Advanced Rsc h . Proj. Agency 
ATTN : DRXST-SD

ATTN : HO 
ATTN : P. Jones

Defense Contisunications Agency 
U.S. Army Materie l Dev . & Readiness 

Cnmd ,

ATTN: Code 1018 
ATTN : DRCLDC , J. Bender

ATTN : Code 480 
I ’

U.S. Army Missi le Intellige nce Agency

Defense ComeuniCatioflS Engineer Center 
ATTN: J. Gamble

U.S. Army Mi ssi le R&D ComimuimandATTN : Code R410, J. Mclean

Defense Documentation Center 
ATTN : Document Section

12 cy ATT N: DD 
ATTN: DRDMI-XS

Defense Nuclea r Agesicy 
U.S- Army Nuclear & Chemical Agency 

- -‘

ATIN : DDST 
ATTN : Library

3 cy ATTN : SPAS , T. Hopk i ns
4 cy ATT N : TI TL 

U.S. Army Satellite Conumuts. Agency

4 cy ATTN : RAAE 
ATTN: Document Control

Field Conniand 
U. S. Army TRADOC Systems Analy sis Act ivity

Defense Nuclea r Agency 
ATTN: ATAA -SA

ATTN: FCPR Project Manager , Smoke

Field Conerarcd 
ATTN : 1. Vandewa l

Defense Nuclear Agency
Livermore Div ision 

DEPAR TMEN T OF THE NAV Y

ATT N : FCPRL Naval Electronic Systems Comuuiafld

Interservice Nuclear Weapons School 
ATTN: Code 5011

ATTN: TTV 
ATTN : PME 117-T

Joint Chiefs of Staff 
Naval  Resea rch La borato rY

ATTN: J-3 , WW MCCS Evaluat ion Office ATIN: Code 7555
ATTN : Code 2627

Nationa l Security Agency 
ATTN : Code 7551

ATTN : P52 , J. Skillman 
ATTN : Code 6730, E. McCleafl
RTTN : Code 6701, J . Brown

Under Secy. of Def, for Rsch. & Engrg- 
ATTN : Code 6700. T. Coffey

Department of Defense
ATTN : Strategic & Space Systems (OS) 

Naval Surface Weapons Center
ATTN : Code F-14 , P. Butler

S ~~MCCS System Eng
ineering Org.

ATTN: R. Crawford 
Offi ce of Nava l Resear ch

ATTN : Code 465

Strategic Systems Project OfficeDEPART MENT OF THE ARM Y

Atmospheric Sciences Laboratory 
Departnment of the Navy

U.S. A~~y Resea
rch & Development Coemand 

ATTN : NSP-2722, F. Wimberly

ATIN : DELAS-61 0, H. Hol t ATTN: NSP-2141

ATTN: DELAS-EC , F. M i les
ATTN: DELAS-ED, D. Snyder

27

11- 5,



T _ ~~. ’
~T ~~~~~~~~~ ‘w’~~~~~~~~~~~~ ’~~~~~ 

~~~~~ 

i
1 4  1 4 , 1  s - - s ~ 4 1  ‘ I I I  I I I L , s ’ l i  1 1 1 1 4 1  l~ l I 5\ I NS -’ i ‘41 51 , Nt I t  ~ 4 1 1 1 1 5 1  I m t t c c ’ s I ’

I ‘ 1 1 1 , 5  I 5 I S I  m t , j i s ’ l , ’i -  i s ’h ’ , , ’ I l i l I l l l m ,  , m t  i s 1 m t ~ ‘,s

5,1 1 1 1 , ’ d cl, t , t l ’ , , i , m t t s m  ~,_ , i t s ’i i,s i I s — i  s ’ ~ u ’ - I i l 5 l 1  I i  ‘ I i ’  -S I I I ? , , , A , i I ’ ’ l , l
1 , ’ , l , ’ 5 5  A l t ’ , ,, l l t I , m ~, i

I t ‘ -54 1 1 1 - 1 4  N t  ~)I I I I  A l l  I ~144 ~ I N A ’ S
;5 s ,l , l , t m’ ,I ‘ 4 5 ,5 ’ s ’ I I s - l i l t  ‘ 1 1 1 c r

I l l - m i m i Al  I N -  I’ ,
- “ ‘ I i I I’ s ’ I I  ‘ 5  I m u ’ A I s  I t i s ’ t I ’

A’  I ’ , I l l  , 1-’~ - , ‘ 5 I ~~5 i( l Al i l t i l  N i  iii i l l  N - I  I I 1 N 1 I S SI 1 1 141 ’ :~ ~1 , 1 0 1 , ,  I ‘~ s’ l i l t  ‘Is ’ S , l ’ I ~ s , ,  I s ’ m ’ 4 ’  -
- S I ’ ’ , 5 4 1 1 1 4  ‘ I N c l I \u ’ i m •

_‘\ ‘4 4 , I ,~’_ , — v t 5- ,,
~fl

‘s , ,  , ,r ,  ,- -5~ i s c t m i c  ~ s i ’ , ’, I t s ’ s 5, , A l  ‘,~ A l  N N ” i , ’, k cs , ’ i
- S r ’ , ‘S -S~’ . , t l m c i m i  - S l l \  A “I s I s ’

‘ A ’ s ’ , -S- ’l I ’ , -\ , l t s l i s m ’ ,c ’ di  A T t N  , I s , , i - ’w— ,k c

A l 1 \ ‘, , , , , i i l  h i l L s ’ I
S m ,  I , , , , ,  , ‘ , ‘ 4 1 I 5 ’ I ,  - - c l ’ , ’, i i , ’, ‘ c ,  A l \ L  -St I ’ , i ’, - \H , I , ’, ‘ s I l l

-S ‘ l ’ s S h ’ ~ , 1 , h, I
A l  ‘, I~I ’ I i . I-I , ~,i,, Iii, ’I ‘Sm t, t 1 , 1  i _ i l ‘ c I  s ’ l ’ , l l ’ 5 1 5 1 i ’ s ’ l 1 1 1 , 1

t

~ 

—‘I i  ‘, [ K i t , l m , i i ” i ’  l i i  ‘NI “c i , l , l i s ’  ‘,

-S i N  14 45 , -S~ - - i , , c t —
A t ’ , , ,i , 4 5 , , ,  1 , 5 1 1  IN ’ s ’ k s ’ l s ’l ‘i, ’’ ,s ’ ,i i  , I m  A , , , ’, m m i i ’’, , in,
-5 ’ ’ , ~ - t . s I “ N i t  l i i i  A l  I N  , i _ 4 4 ’ ,  L I - I _ m i ,

- ‘, i i  ,~ i , , ’ u , ’ , m I ’ , ’ I I ’ , , i t ’ , ’ i , m l s ’i ’’c , - 54 it l~, ’s ’ m , m , ~ c c ’.
-SI N \415  A l  1 N 1 , L i t , ’,-
S i t ~ , s A
S I  ‘, 14 1 , ,i , d _ , L s’~ I S i s s w sm S l i - S  1 1 1 5 5 1  i i l , i  ‘ 1 4 1 1 1 1  . l i i ,  -

-S I N 1) 1 ’s . I , .  m s- i l - I  - S I I N  k , I ’ s ’ I l i u i ’ i ’ i ’ ,
‘ I I  115,1 . ,i , h i t  ,- ‘c -NI I N  N ‘ ,~ -,- , i l l ’

i’s ’ I ’ I i i ’ c  1 5 1 1 , — I  ‘ 5  “ i , d i !  I l i _ s i - l u ’’, ‘‘ l , , L I ’s _ l I ’ s - , l , m t —  . I I , .
‘ , , ‘ , , ‘, s l ,  41 ,5 ’ ‘c s ’ I s ’4 ’ I i l , ’ m , I  S “I, ,

~~. “Ii ‘N  5 . I s i S
- s  n u t ’ - S i , - , I I - , t’ -S I N 5

- S i t  N -SI l1m ’ t~
i S . Iti, ,

ISilili ’ -Sm - l , ’ c , I ‘ s - s - l i  c m i , ’, - I , ‘~ I I , , , ,  ‘ i i  - m om
-‘Il I N  I ill~ -S I ‘ N  _ i , W. s I
S I T \  1~ ’’ 4 , 4 l I S T S , ’ A l  ‘4 1 _

_ S i I ‘4 ,I _ ~i s ’i ’ l I , ’’c , ’
‘- I - _ m s  5 ’ -‘. “ I t  ‘,- , I I i ’ ‘ c - u s -  Il l - m u m I ,‘ ,d

- S i r  4 , ’~ , d’ ‘ - ‘ c i ‘ I I” , 1 , Il ’ u” , d i s , b  I i s s  I l , ’’ .I ’ , l ,  5 ’ ‘,5 ’ , i s’111’, • i i i ,  -

N I N S  A l  1 N 1 ’  v I m i  S i l l ’ ’ .
-‘Il  I N  I - I , is~st  ‘Ii

S ti 1~~~~~ 1~~~~, ‘ ‘ S — l i — l i ’ — l’i , 5 , m i l l ,’, t I i s i l m
- \ i ,  I , , - , , ’ ‘-c I s - i - - - - c ’ nm si , i , t iu,I  I ‘.5 , I i , ,

-‘I I  I N  liii’ -S I I N 5 . “‘ ,, - ,, 5 i  I I
-51 1 ‘4 I ’ ‘ ‘ s t  I i i —

‘ ‘4 ,5 , 5 ’ 5 t ’ l i ’,’, t l i ’ ‘- S i n- , i)c’ ,m ,ci m l .’,ci los
- S i i  F , ’ i , i ’ ‘ - 5 ,  ‘ I s ’s-” , I , I I ’ l i ’ i , i d I , I  l , S ’ I I I ’ l ,d I I I i ’ t i i i ,  I s ’ ,

- S I  i N  ‘- c A  , M c I _ s c  t i m  ‘— 4 ’ , , ,  5 ’ ~i c  S
‘SI 1 N “‘ tS s ’m i Im , ’i’

~‘; M i - .- , s I c ’ ~‘ c — I  i’l l’ , I’I , i , m I I  m _ ‘ _ m I I ’m , -NI I N  II I sI— , ,t I i
-N ~~ s ’ i S  5 ’ ~‘ c - i  Sill’ , I , ‘IIS’ l , d f l , I

—I I  1 N - ‘s ., t dl il l _i I I I i ’s t m - m s  c ’  -

A l  i N  H I m ? ,

“u u s  A m ,  c , , i , u l l , m , l , l

~s I  I N  ‘‘4 I ’ - , IS . ‘~ I , ’i 1l I _ c1I  , s ’fl , ’s ,m i I i t ’ s t i l t  I ’ ’ . - S i  Ml’ 1~
‘SI I N  ‘4 ’t j  ‘ s - u I , ’,- i s ’, - -\, l ’ c , s n ,  ‘ I  “ i c c s l , , -- -
‘NI 1N A . IS , d I I , ’l -N I I N  W ,  N, s - m i d , - ,,

A l t  N W - Ku m , t i ’ ~’
1 1 1 1 1 4 1 5  I , I ml .’I Is’ N M i N I  AII I N I i ’ . -‘I l I N  I ,  ‘- t r O l l ’ -

-51 1 ‘4 ~‘ - ‘—I c m i
‘ 5  d siII t I i l ’ i s  I ’ S I  I N  51~ l i _ S i l l I , —

N , m i i , ’ I m , d  I 1, ‘ m i t t s ~ -S i Ill s I ’ , 4 ’ I I , ’l i s  -S I t s - m i t  -51 1N 11,Sit ‘Sc
u s c  i s  ‘ ‘ ‘ s - s ’ s - I _ i l 15, _s — _ n - , I ,  i ,dI ’ , ’ i , s I , ’s I , ’’,

-S I  I N  Ii , W I U  i _ u n  S

.s
~~



~~

i I , ‘ 4 , 5  I ” ~ NI  c11 S’s I ,  N” : ~ 1”s - ‘5 - 5 , - ‘1’ , 
‘1 ,‘ ? l I  U l , , i ’,l ’ 1~ ‘ ,\ iS ’ M t  N i  i’d 511 4 h’ -~ ‘N ’ ‘551 I~ ’~~i ~~~~~~ , , - ,, - ,i

c i , ’,  ,m I - t O l  , n , , ’-  , - ‘c li . I I l l  li, s, ’ , t s ’t Ii I 5  1
i _ c s - i _ s  ~.u , 1’ .s, - ,s t ’ t c  m S I t ’si -51 1 ’ , .s 1’ , ’c l , -i

—Nt ‘4 J - s i  5- _ i ,  s i , ’ -5’ ‘5 l’ _ I m’.,iI,’,
- I - 5 ’ I -N ~ ‘-, h,- s t - ,

A l l  N i , I ’ , , dl , ’‘, i , S l  i l - - I l  I , , t  u ’ -AS I N  I b .c s t ’mt
, -~l l c s ’l — I t s  ,5T -ts I , 5 ’,Is ,s —S t I N  ss

4’  ‘‘4  1 , ‘ ,cc i’, -‘41 I V  I , t , ’u , . t ” i , , ’-5’ - I, N • -~ ‘s,,  S I t  N Is’ . L I  I t ’- - ‘, 1, ’, m s - s i - . u I  1 i : -  ,, -b ‘ ‘ ‘4 5) , ‘- ‘cs
5’ - N - t 5 ,’s ’ss s, ml

ST 1 ‘ s  I , , i ” t , , , hi, - N I  I ’ , s .  l , ’i,, i r t ,
1 I t - , 1 1 , 5 5 , 1 , ’ ,  “s’- t s ’~~-- , ~ s i ’  - t , d ’ , t s ’ ’ ? l  ‘ I S .  -N’  ‘4 54 , ‘s , s l ’ I ’ s ” l ’ ) t ’ ) , i

- S I N s- I I , ’’,’,

‘l 1 t i - i ’
‘ i i , hm ~ - .55 N ~ - I ,i ’,  1,’, - —

-SI I N  5’ . ‘ ,s ,s, ’ts -S I I N  1~ ‘ i _ i l l
- 5 ’ IN -

, 
- ~li,- ,’l~- ,-  -

‘ -
I l l s ” , - ‘ ,I I its-i 5 s I i s - I s  I ’ , I t s  -

.SI I N  k ‘11, 1: I IL ‘ ‘ 5 l, ’i , ’—-- ,- I r I ,  s , I I I ,  - ‘ -I, 5, - ’ ’ , k c  ‘h , s t  I I I,’ ‘ -i ,i ’S i ’ll’ ,,’ A ’i _ t s  ‘ i - ,

- 41  ‘4 4 , S

~~

,,, ’ ‘ ‘ i l l  ‘, I ,  ,d I l ’ s ‘ i i  ‘ i ~~’,.A’ ‘ ‘4  ~5 , S~,-lI , l’ , i , ’Il -5 ’ ‘ N  -5 . ‘ d ’ s  ‘ii

iS ’ ‘ “c  s I ~ . s i  , ‘ \ i I , I ” l , S . i l l ,
- S I I N  ‘.,~~~,, ‘ ‘, , b ’ - ,s ,s  ‘- ‘ ‘ ‘ , 1 d ,, ‘ ,,,~~

i l l ’ ,  ‘ ‘ ,‘ ,‘~~I55 ’, - I I I  Si ’ s - S I ’, ‘s 5 1’ -N~~,, ’s 1.i l i ~ ,— -5 4 4 1  1 , ’, ‘~t ’ c ,~~, ’,  , i l ’  - I N  ~‘ N  ,‘,‘, ‘ c i t  I 5 ’ , , , ’ -  A N  I 1 , 1 1 0

‘S t N  I , i’ , ’ t c ’ ’ ’ ,t 5’  - \ 5,’ ~‘ l ,  l , ,~ , ,

- 5 ’ ’ ’ , Ii , , ‘ , u t ’ t - , s ’
i c - - i - -  “ , cs , i ’s 4 s ’”~ ’ A’ ~‘4 ‘5 I i ’ i s ’’c i ,

— S I N N . 5 r , , , , ’i . , - - - s ’  5 ’ ’ ’, ~, C ’ s
A l ’ ’ , I - ‘‘ i ’ , ’’ I, ’’ A l  - N 54 , -

-N’ - N I - F ’’cs ,~’I  I 
I

, , I c , s i ”I , u - S i c  s ’,” , ’i’ , ’ L , i t , ’- , i t , i ’ c  ‘5’ ‘‘, I ‘ ,‘, ‘ ,‘ ‘ i , ”
I l l  ‘ c s ’s-s I I I  ,‘‘ s u t ’  ~I “1 L5 ‘~ 

, 

“ _ ; , -
.St I N  I - SI ,, 5 ‘ ‘ i - I i ’s-
‘II I I ‘l 1~ , ‘ , ‘, I ’ I t ,  ‘I I i ,  I I ’s- I
5 1 1 ’ , L S~S -l , 5’, ~~~~~ ‘5 ’ ~‘4

I , ’~ S ’ s - - I ‘1 , ’ , ., i l , -~ i5’ i ,i ’ ,‘ . , ‘i, - ‘ S ’ I S ’l” - Ii ’ ‘l, - ’. , , s ’ , 1 l~ -. I  I t  h— N 5’ . , ‘i , - , s t  I I  - 5 ’ ’ ’ , -. 
_ 

‘ s _ _ i ’ s

4 ~i , t i l l - i - si ~‘ l - - ‘.1 I i ’- , m I t  54’ _ m,  i ’ ,‘ , • I i i ,  - ‘‘ m - i ’~ ,m 4 _ c l - , ’,
-‘I I ‘‘4  -5 A, ‘4 ’~~~’5 “,-“  I
“ci  I N  —5 ‘ ‘ ‘i s - ’ , ,- ,  -S’ ’, , , ,  I I I ,, -

-‘I ’ ‘V~~~~I -5 t
I , ,-. - S l u r - s’s “~ i- nt  I ? ? ,  I j I ’ ,’ , m ~~’ , ’ c  \ ‘ ‘ ‘ , , , ,-,, --

-5 ’ ‘
‘4 - i i ,’, ,’~ -S I ’ , , , ,‘ ‘ ,~ ‘‘S 51  - - ,‘ _ , ‘ t ,  , ,,  5 ’ ‘ ‘, - 1 , - i t ’ ,

- 5 ’  ‘ N  _ ‘ , “1 ,I i i l,¶ ‘5: - s, , , ‘ ,‘‘l u ’s i , ,~~- , ‘ , ,‘ s , - , , , ,, ,,-s -’ , , s-, -
- 5 ’  ‘ N ,‘ . - - i  I

“‘ I - I - Li , , ,  ,‘ l r m  1 _ i t ’  - -S - ‘ N  — , 
“‘4 ‘s’ s , ~ u I I

Al I N  ~t . ~~~~~~~~ ~~
‘ ‘\  ,- ‘- ‘ - I t s ,

— ~ -55 ‘ ‘4  1 5 ‘c, Ic ’ -‘I ’ - N
A’ ‘ N  ‘4 . t i ’s ’

‘I ,t ’  1 i i i  “I ,i I ’ m  t i  t ,i c ’ ,”c’ - 5 ’  - N ‘~ , I ,  I s
1, 511 ,1, ’ 45 15,  m S m

- 51 ‘N P . i i i ’ S  ! I m u ’,- 
“ , Ii” ,,’ - h I  - ‘ t
‘ - ‘ i t ’ ., Iii ‘ i ’ c  ‘ i , ’iI

‘I , I ’ ,’,l , , , - l I  ‘s ’~,s I l , u S  I s ’i ’5’ , -_ - 
‘ 

? 
~~~ ‘- S I ’ S  W -  c ’ l s s ’ii

4 -‘4 1  I N  d i ,  “I, -~s:
S I  I N  P .  i , t I 4 ’r I t S

‘C)

_____________ - - 
~~~~~~~~~~~~~~~~~~~~~~

, 
~~~~~~~~~~~~ ~~~

, , - , . ~~~~~ — — . — ________________________



___ 
_ _ _ _ _

1

, ‘ l ” S S ’ I M l \ t  ~‘l IcH I N- , . s l N t l l.S , I I ~ 5\ 4 I , ~~I i i l I l , 5 i ’ s I l 
~‘,‘ “\ ‘5 ’~ ’ I \ I  ,“ ‘IIi \ ’ -t , , IS , ’ , I S ,  ‘ l ’  , “ I l ’ l , , c - , ’ ’ 1~s S i ’S I , i ’ ‘ i I ’ I ’ l  I , , u t 5 , ’~ 1’, , 5’, ‘55 1 ‘ ‘I 5 I 5 ’  5 5- 51 1” , _ i c , ,  k,s S m u ’ S - - ‘, 5 - ‘ s ’ III ,

~~ ~‘4’ .5, i ’ ‘ u .s , ‘ I ’  
I i ’s Imim, ’ I , ’ 5 ,  ‘ t i ’ s- s i  s , ’, , , s l 

~~~~~~I ~~~~~ 5 ’ ’ ’ , is 5 ,’,s- ,~ s 5
‘ ‘‘5 1 : t ~ - ,  l i , 5 I  I s ’,? .s I 

‘ 5 5  ‘‘ I ’ ’ i ” I ’ ,~~’ N ‘- s i _ I ,  i s - , ..A l ’S ~ - ‘ m c , - 
5 1 ’ ’ ,-5 ’ - N “‘ I s ’

S - - N , P t  uk ’ I S  l I d  115 ’ , I I ,- S I  ~‘4 , ‘ - “ I I I 
‘5 ’ ’ ’, I ‘ ,, “ s i c-

, “45_ -5 1 ’ ’ 4  1 , 
~~~~~~~~~~“I ’ 15  —\ i I ,, ,

-S - - \ ~ 
,s-’ -,s- ,,

‘ S i t S  5 ~~~~~~~~~~~~
-S ‘ ‘ ‘ 4  4 -
A N  1 . -t ~

1

‘Ii

l i i

__________ 

___________ 

a’ 

- --‘- - ‘,- ‘-‘- - . - S’  ~~~~ -~~~ - -~~ -~~~~ .

~~~

‘ ‘ ‘ ~~~~~~~~~~


